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Abstract A single antenna that can realize the performance of contradictory requirements of wide and narrow coverage over a band of 
frequency is to be designed. A novel technique of axial defocused cassegrain antenna system is presented in this paper with wide and narrow beam 
coverage Antenna fabrication and testing is presented A comparison of simulated and tested results is also presented
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1. In t ro d u c t io n
In order to  m a in ta in  R F  lin k  b e tw e e n  an  a irb o rn e  v e h ic le  an d  
the ground sy s tem , a  c o n fig u ra tio n  c o n s is tin g  o f  tw o  an ten n as, 
one for w id e  b e a m  c o v e ra g e  a n d  a n o th e r  fo r  n a rro w  b eam  
coverage are g e n e ra l ly  u se d  to  ta k e  c a re  o f  in itia l lau n ch  
dispersion. T h e  lin k  is m a in ta in e d  b y  w id e  b e a m  a n te n n a  till 
the target a tta in s  c e r ta in  h e ig h t a n d  is sw itc h e d  o v e r to  
narrow b eam  a n te n n a . A lig n m e n t o f  th e  tw o  a n te n n a s  fo r  
optimum p e rfo rm a n c e  b e c o m e s  d iff ic u lt. In o rd e r  to  e lim in a te  
complex n e tw o rk in g  a n d  lo ss  o f  in fo rm a tio n  d u rin g  th e  
switching tim e  f ro m  o n e  a n te n n a  to  a n o th e r , a n d  a lso  to  
minimize th e  a lig n m e n t p ro b le m s  a n d  w e ig h t c o n s tra in ts , a 
most e ffic ien t sy s te m  h a d  to  b e  e s ta b lish e d . F e a s ib il ity  o f  
realizing th is  p e r fo rm a n c e  o f  c o n tra d ic to ry  re q u ire m e n ts  o f  
wide and n a rro w  c o v e ra g e , h ig h  g a in  a n d  lo w  V S W R  o v e r  
the band o f  f r e q u e n c ie s  w ith  a  s in g le  a n te n n a  is s tu d ied  
^-'xiensively. A s  n o  s ta n d a rd  a n te n n a  c a n  p ro v id e  th is  
performance th e  te c h n iq u e  o f  d e fo c u s in g  a x ia l feed  o f  
cassegrain a n te n n a  is  c o n s id e re d  to  m e e t th e  re q u ire m e n t. 
Cassegrain sy s te m  h a s  s e v e ra l a d v a n ta g e s  lik e  e lim in a tio n  
ot long tr a n sm is s io n  lin e s , m o re  f le x ib i li ty  in  d e s ig n  o f  
primary feed s , lo w  sp i llo v e r  p a s t  th e  su b re f le c to r  etc,, h e n c e  
the C assegrain  sy s te m  is  c o n s id e re d  fo r  th e  d e s ig n .
; 2. T heo ry
J c lassical c a s s e g ra in  g e o m e try  e m p lo y s  a p a ra b o lic  
i contour fo r th e  m a in d is h  a n d  a  h y p e rb o lic  c o n to u r  fo r
I * Corresponding Author
su b d ish . O n e  o f  th e  tw o  foci o f  th e  h y p e rb o la  is th e  rea l fo ca l 
p o in t o f  th e  sy s tem , an d  is lo ca ted  a t th e  c e n te r  o f  th e  feed . 
T h e  o th e r  is a  v ir tu a l fo ca l p o in t, w h ich  is lo ca ted  a t th e  fo cu s  
o f  th e  p a ra b o la . A s a  resu lt, a ll p a rts  o f  th e  w a v e  o rig in a tin g  
a t th e  re a l fo ca l p o in t, an d  th en  re f lec ted  fro m  bo th  th e  
su rfa c e s  trav e l eq u a l d is ta n c e  to  a  p la n e  in  f ro n t o f  th e  
an ten n a . In ax ia l d e fo cu s in g , th e  re f le c to r  w ill b e  ilu m in a ted , 
w ith  a feed  p o s itio n e d  aw ay  o r to w a rd s  fro m  th e  re f le c to r 
fo ca l p o in t. T h is  fe e d  d is p la c e m e n t in t ro d u c e s  p h a se  
a b e rra tio n  w h ich  re su lts  in p a tte rn  d is to rtio n  in  te rm s  o f  gain  
loss, s id e  lo b e  lev e l d e g ra d a tio n  etc. D eep  n u lls  th a t w e re  
p re se n t in  a  c o n v e n tio n a l ra d ia tio n  p a tte rn  a re  Tilled u p  in  
p ro p o r tio n  w ith  the  a m o u n t o f  d e fo c u s in g  an d  a p e rtu re  tap er. 
In  o rd e r to  s im p lify  th e  d esig n  a n a ly s is  e q u iv a le n t p a ra b o lo id  
p rin c ip le  is u sed . D e ta ile d  an a ly s is  is re p o r te d  in [1 -1 5 ]  fo r 
ax ia lly  d e fo cu sed  p o in tso u rce  feed  u sin g  n u m erica l in teg ration  
an d  p h y s ica l op tics .
3 . D e s ig n
A, Feed design :
T h e  m o s t im p o rta n t p a r t o f  th e  a n te n n a  is its feed . C o n ic a l 
c o rru g a te d  ho rn  in c h o sen  fo r th e  d e s ig n  as  it g iv e s  o p tim u m  
a n d  e ff ic ie n t p e rfo rm a n c e  in  te rm s  o f  g a in , e q u a l b eam  
w id th s  in bo th  th e  p lan es , lo w  c ro ss  p o la r iz a tio n  etc. T h e  
in p u t e lec trica l p a ram e te rs , w h ich  d e te rm in e  th e  p e rfo rm a n c e  
o f  th e  c o rru g a te d  h o rn , a re  as  fo llo w  [6 - 7 ]  :
O 2001 I ACS
164 G y  Ramakoteswara Rao, A Ghosh and V G Borkar
( i)  R a d ia tio n  p a tte rn s  : P rin c ip a l p la n e  p a tte rn s , p a tte rn  
sy m m e try , b e a m w id th s .
( i i)  F re q u e n c y  c h a ra c te r is tic s  ; F re q u e n c y  o f  o p e ra tio n , 
b a n d w id th .
( i ii)  E ff ic ie n c y  as  feed  : T o ta l a p e rtu re  illu m in a tio n , 
sp illo v e r , g a in , in p u t im p ed an ce  an d  V S W R .
(iv )  M e c h a n ic a l ; E x te rn a l d iam e te r , leng th .
F rom  a b o v e  m e n tio n e d  in p u ts  it has b een  id en tif ied  fo u r 
o u tp u t p a ra m e te rs . T h e y  a re  (a ) th e  a p e rtu re  d ia m e te r and  
f la re  a n g le  w h ic h  p r in c ip a lly  d e te rm in e  th e  c o p o la r  b eam  
w id th ; (b )  th e  c o rru g a tio n s , w h ich  d e te rm in e  th e  p a tte rn  
sy m m e try  an d  c ro ss  p o la r  c h a ra c te ris tic s ; (c ) th e  fla ir  sec tio n  
b e tw een  th e  th ro a t a n d  th e  a p e rtu re  w h ich  d e te rm in e s  the  
p o s itio n  o f  th e  p h ase  c e n te r  a n d  th e  g e n e ra tio n  o f  an y  h ig h e r  
o rd e r  m o d e s  a lo n g  the  h o rn ; (d )  th e  th ro a t reg io n  w h ich  
d e te rm in e s  b o th  th e  im p e d a n c e  m a tch  in to  th e  sec tio n  o f  th e  
w a v e g u id e  b e h in d  th e  h o rn  an d  th e  m o d e  co n v e rs io n  level 
a t th e  th ro a t.
B Main and sub-reflector antenna design :
T h e  d ia m e te r  o f  th e  m ain  re f le c to r  is se le c te d  to  g iv e  
re q u ire d  g a in  an d  b eam  w id th  o f  th e  to ta l in teg ra ted  an ten n a . 
T h e  su b - re f le c to r  d ia m e te r  an d  th e  c o n ic a l c o rru g a te d  feed  
d ia m e te r  a re  se le c te d  b ased  on  m in im u m  b lo c k a g e  c rite ria . 
U n ifo rm  a p e rtu re  d is tr ib u tio n  is se le c te d  in o rd e r  to  g iv e  
m a x im u m  e ff ic ie n c y . T h e  d ia m e te r  o f  th e  m ain  d ish  is I3A 
an d  su b -re f le c to r  is 3.02/1. T h e  fo ca l len g th  o f  th e  re f le c to r  
is 4.55A . H a lf  il lu m in a tio n  an g le  o f  p a ra b o lic  re f le c to r  is 
7 1 .0 7  d eg . an d  th a t o f  h y p e rb o lo id  is 23  deg ,
4. Fabrication, integration and testing
T h is  is th e  m o s t d if f ic u lt  p a rt o f  th e  a n te n n a  d e s ig n . H igh  
p re c e s s io n  m a c h in in g  is n e e d e d  in o rd e r  to  g e t g o o d  su rfa c e
Figure I. Variable axial dcfocusing of parabolic reflector.
fin ish . C N C  tu rn in g  is u sed  fo r g e tt in g  a b o v e  p re c e s s io n  an d  
m ech a n ica l to le ra n c e s . A lu m in u m  allo y  is u sed  fo r fab r ica tio n  
o f  th e  a n te n n a  fo r its lig h tw e ig h t, g o o d  m e c h a n ic a l an d
e le c t r i c a l  p r o p e r t i e s .  S i l v e r  c o a t i n g  o r  c o n d u c tiv e  
c h ro m o tiz a tio n  is u sed  to  im p ro v e  th e  re f le c tiv e  p roperties 
o f  th e  an ten n a . A fte r  c o m p le te  fa b r ic a tio n  a ll th e  com ponen ts 
a re  in teg ra ted  to  fo rm  th e  c o m p le te  a n te n n a .
T h e  e ffe c t o f  ax ia l feed  d e sp la c e m e n t on  s id e lo b e  level 
d e g ra d a tio n  fo r v a rio u s  d isp la c e m e n ts  h a s  b e e n  simulated 
an d  is g iv e n  in F ig u re  1. A lso  g a in  d e g ra d a tio n  fo r feed 
d isp la c e m e n ts  to w a rd s  an d  aw a y  fro m  th e  re f le c to r is 
s im u la ted .
F eed  o p tim iz a tio n  : th e  co n ica l c o rru g a te d  fe e d  is excited 
b y  re c ta n g u la r  w a v e  g u id e  a n d  its  d e p th  is adjusted 
e x p e rim e n ta lly  in o rd e r  to  c o v e r  th e  re q u ire d  frequenc> 
ra n g e  fo r th e  sam e  il lu m in a tio n  a n g le  an d  g a in . T he  feed 
p a tte rn  a f te r  o p tim iz a tio n  is sh o w n  in F ig u re  2. Sim ilar 
p a tte rn s  w e re  o b ta in e d  fo r d if fe re n t fre q u e n c ie s .
F ig u re  2. R adiation  paUcm o f  the feed.
Fixing the position of the feed and sub reflector
N e c e ssa ry  f ix tu re s  fo r  feed  a n d  to ta l in te g ra te d  an ten n a  arc 
fa b r ic a te d . T h ey  are  re q u ire d  fo r  m o u n tin g  o n  th e  positionei. 
V S W R  m e a su re m e n t fo r th e  feed  an d  c o m p le te  integrated 
a n te n n a  is c a rr ie d  o u t on  n e tw o rk  a n a ly z e r  fo r  th e  to ta l band 
o f  o p e ra tio n .
Angi.e (deg)
Figure 3. Radiation pattciu of integrated antenna.
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After detailed  ex p erim en ta l analysis, the optim um  feed
position is f u e d  in d e fo cu sed  co nd ition  is found to be 1 .SA
from the vertex  o f  th e  m ain  d ish . T he  co rrespond ing  sub­
reflector position is 4.33A from  th e  vertex  o f  the m ain  dish. 
The gain o f  th e  an ten n a  at the g iven band o f  frequency is 
found to be 26dB . T he  rad ia tion  pattern  o f  the com plete 
integrated an tenna is show n in F igure 3. B oth E -p lane and 
H'plane patterns a lo n g  w ith the  in ter cardinal planes are 
shown in the figure. A com ple te  in teg rated  an tenna after 
testing is show n in F igure 4.
Ki(j|urt‘ 4. Complete micgraled antenna 
5 C onclusions
Prom the sim ulated resu lts  (F igu re  1) and the tests carried 
mil at com pact range, it can  be found  that 3db beam w idlhs 
are matching closely . T he requ ired  coverage o f  lb'" is
obtained l2dB  down the m axim um  gain. This is 2dB  dow n 
that o f  sim ulated pattern. The coverage ob tained  is w ell in 
conform ation w ith the sim ulated patterns considering  the 
tolerances.
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